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摘  要
         
         
研究目的：Nucleophosmin是一种多功能且普遍表达的核仁磷酸蛋白，主要定位于
核仁，参与多种细胞生命活动，尤其对细胞的存活至关重要，已被证实在多种类型
的癌症中有过度表达的现象。肝纤维化是由多种慢性刺激共同作用的肝脏疾病，其
发病率和死亡率在全球有日益增高的趋势。但是目前有关肝纤维化发生的分子机制
尚没有清楚的定论。本文以TGF-β刺激肝星状细胞活化，NPM与肝纤维化标志物
ACTA2蛋白质表达量升高为切入点，在细胞水平上研究了NPM在肝纤维化发展中的作
用，并对NPM在肝纤维化进展作用的分子机制进行了初步探究。为探索有效的肝纤
维化诊疗手段提供理论上的支持。
方法：首先，通过促纤维化因子TGF-β刺激LX-2细胞，探究NPM在肝纤维化发展中
的作用；其次，分别采用CRISPAR-Cas9和SiRNA技术对LX-2细胞内源性NPM表达进行
敲除和沉默，通过Western blot和RT-qPCR技术进行验证；最后，分别利用NPM寡聚
化抑制剂NSC348884和Akt磷酸化抑制剂MK2206作用LX-2细胞，验证NPM是否是通过
Akt途径作用肝纤维化发展，其中还利用流式细胞仪技术检测了抑制剂对LX-2细胞
活性氧、细胞周期和细胞凋亡的影响。
结果：TGF-β刺激LX-2细胞激活肝星状细胞，NPM和肝纤维化标志物ACTA2的表达水
平均升高，表明NPM有参与肝纤维化发生；TGF-β刺激LX-2细胞过程中，p-AKT蛋白
质表达水平又升高的趋势；在敲除NPM表达的肝星状细胞中，ACTA2、CollagenⅠ和
MMP9等肝纤维化标志物蛋白表达量明显下降，并且p-AKT/p-mTOR蛋白质表达水平也
受到明显地抑制；NPM寡聚化抑制剂NSC348884和Akt磷酸化抑制剂MK2206作用LX-
2细胞，在NPM的功能受抑制且表达量下降的同时，肝纤维化标志物ACTA2、
CollagenⅠ和MMP9蛋白的表达量也出现降低的趋势；另外，TGF-β处理LX-2细胞
5小时后，流式细胞仪检测细胞内活性氧水平有升高的现象，NSC348884和MK2206处
理LX-2细胞5h后，活性氧的升高水平更为明显。
结论：NPM参与肝星状细胞活化即肝纤维化中心事件的发生，并在肝纤维化发展中
起促进作用；NPM的敲除或沉默表达，会抑制肝纤维化标志基因ACTA2、
CollagenⅠ和MMP9的表达；NPM很可能通过Akt途径参与调控肝纤维化发展。
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Abstract
         
         
Research objects: Nucleophosmin is a multifunctional and widely expressed
phosphoprotein that mainly located in the nucleolus, and is involved in a variety of
cell activities, especially for cell survival, and the phenomenon of NPM
overexpression has been confirmed in many types of cancer. Liver fibrosis is a
long-term interaction with a variety of stimulating factors in the liver disease, and
its morbidity and mortality have an increasing trend in the world. However, there
is no clear conclusion about the molecular mechanism of hepatic fibrosis. This
paper is based on TGF-beta stimulates hepatic stellate cells to activate, therewith,
the expression of NPM and related liver fibrosis markers proteins such as ACTA2
were increased. Then, we studied the role of NPM in the development of hepatic
fibrosis and its preliminary molecular mechanism to provide theoretical basis for
exploring effective treatment of liver fibrosis.
Methods: Firstly, we studied the role of NPM in the development of liver fibrosis
by stimulating LX-2 cells with TGF-beta. Secondly, knockout or silence
endogenous NPM by CRISPAR-Cas9 /SiRNA, and verified by Western blot and
RT-qPCR. Finally, we used NSC348884 (NPM oligonucleotids inhibitor) and
MK2206 (AKT phosphorylation inhibitor) to stimulate LX-2 cells, and verify
whether NPM is involved in the development of liver fibrosis by Akt pathway.
Simultaneously, we detected the effect of inhibitor on reactive oxygen levels, cell
cycle and apoptosis by flow cytometry.
Results: TGF-beta stimulated LX-2 cells to activate, then NPM and ACTA2 gene
expression levels were increased, indicating that NPM involved in the occurrence
of liver fibrosis. During TGF-beta treat LX-2, p-AKT protein expression level also
increased. In knockout NPM expression of hepatic stellate cells, the expression of
liver fibrosis marker proteins such as ACTA2, Collagenand MMP9 are decrease
significantly, and the expression levels of p-AKT/p-mTOR is inhibited.
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NSC348884 (NPM oligonucleotids inhibitor) and MK2206 (AKT phosphorylation
inhibitor) treated LX-2 cells, the expression levels of liver fibrosis marker proteins-
ACTA2, Collagenand MMP9 decreased with the reduction of NPM. In addition,
the level of the reactive oxygen species treated with TGF-beta in 5h have
significantly improved.
Conclusion: NPM is involved in the activation of hepatic stellate cells, which is the
central event of hepatic fibrosis, and plays a role in the development of hepatic
fibrosis. Knockout or silence NPM expression will inhibit the expression of hepatic
fibrosis marker (ACTA2, CollagenI and MMP9). NPM is likely involved in the
regulation of liver fibrosis through the Akt pathway.
Keywords: Nucleophosmin(NPM); Hepatic stellate cells; Akt pathway
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